In this study, mesoporous TiO 2 films were formed on ITO conductive glasses by anodizing of titanium thin films without post-annealing. The titanium thin films, ~200 nm thick, sputter-deposited on to the ITO substrates were anodized at 20 V in a phosphate/glycerol electrolyte at 433 K. A completely transparent TiO 2 specimen was obtained by anodizing for 60 s. The as-anodized mesoporous TiO 2 films consisted of anatase, even without post annealing. The transparent mesoporous TiO 2 film anodized for a suitable time showed much better photoelectrochemical performance than the post-annealed TiO 2 nanotubular film.
Introduction
Dye-sensitized solar cell (DSSC) is one of the attractive solar cells and has been widely studied [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . More recently, some researchers reported that the DSSC shows more than 11% energy conversion efficiency [1, 2] . However, further higher energy efficiency is needed for practical application.
In general, TiO 2 thin films for DSSCs are formed on transparent conductive oxide (TCO) films such as F-doped tin oxide (FTO) and indium tin oxide (ITO) because of light irradiation from back side of the substrates. TiO 2 thin films have been formed on the TCO substrates by spin-coating [3, 4] , doctor-blading [5, 6] , sputtering [7, 8] and anodizing [9, 10] methods. The common process of these methods was post-annealing at ~723 K due to sintering of TiO 2 nanoparticles and crystallization of the deposited films.
However, the TCO substrates are heat-labile materials, leading to an increase in the electric resistance [11, 12] .
Recently, we reported that anodizing of titanium at 20 V in a phosphate/glycerol electrolyte at 433 K formed anatase films, which had a mesoporous morphology with pore diameter as small as ~10 nm, even without post annealing [13, 14] . In this communication, titanium thin films sputter-deposited on to an ITO substrate were anodized in the hot phosphate/glycerol electrolyte. The transparent TiO 2 specimens obtained revealed good photoelectrochemical performance without post annealing.
Experimental
The titanium films, ∼200 nm thick, were prepared by DC magnetron sputtering on to ITO-coated glasses (ALDRICH，576352-25PAK). The target used for the preparation The films anodized at 20 V are denoted as P-20V. For comparison, the deposited titanium film was also anodized in 0.25 wt% NH 4 F and 1vol% water/ethylene glycol electrolyte at 293 K at 60 V. Then, the film was annealed at 723 K for 3 h in air (denoted as F-60V) [10] .
The structure of the anodic films was identified by X-ray diffraction (XRD) increases to ~1 kA m -2 , followed by a rapid decrease to less than 400 A m -2 . Then, the current density gradually decreases with anodizing time until ~60 s. Such gradual current decrease is typical in anodizing of metals in the hot phosphate/glycerol electrolyte [15] [16] [17] . During this period, the specimen gradually became transparent from the edges of the specimen (Fig. 1a, b ) and completely transparent after anodizing for ~60 s (Fig. 1c) . Then, the current density steeply decreased. The details of this behavior are described later. By SEM observation, a rough and nano-granular surface was developed after anodizing and the thickness of the film was ~195 nm. corresponding to anatase appeared in both patterns, even though the P-20V was not annealed after anodizing. In addition, the 004 peak of anatase TiO 2 is the strongest in the XRD pattern of P-20V, whereas the 101 peak is the strongest in that of F-60V as in the randomly oriented anatase. A similar result was reported at TiO 2 mesoporous films formed on titanium specimen in our previous study [13, 14] . observed that the photocurrent is dominant in the anodic current under the UV irradiation. Since the dark anodic current densities for the P-20V specimens were 7 similar to that of F-60V, the anodic current densities of all the specimens under the UV irradiation condition correspond to the photocurrent densities. The P-20V specimens anodized up to 60 s (Fig. 3c) show much higher photocurrent in comparison with the F-60V, although photocurrent is markedly reduced by anodizing for 80 s (Fig. 3d) . Since the specimens became transparent after anodizing for 60 s, the film (c) in Fig. 3 was the best transparent electrode for DSSCs. Fig. 1) and photocurrent (Fig. 3) . 
Conclusions

